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ABSTRACT 

™" ®. lm tryj** ,he Capabili,y ° f 0blainin8 a ^ ™8 e of thennal radia.ive 
P p les, but the development of thin film coatings can sometimes be difficult and costlv 

when trying to achieve highly specular surfaces. Given any space mission’s thermal control 
requirements, there is often a need for a variation of solar absorptance (a,), eminence (e) 
and/or highly specular surfaces. The utilization of thin film coatings is one process of choice 
for meeting challenging thermal control requirements because of its ability to provide a wide 
variety of c^/e ratios. Thin film coatings’ radiative properties can be tailored to meet 
specific thermal control requirements through the use of different metals and the variation of 
dielectnc layer thickness. Surface coatings can be spectrally selective to enhance radiative 
coupling and decoupling. The application of lacquer to a surface can also provide suitable 

polishing^ f ° r thm film appllCati ° n without the cost md difficulty associated with 
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1. INTRODUCTION 


Throughout the history of the space program, there have been many thermal control 
challenges, which required innovative space system designs in order to maintain operating 
temperatures. The space environment (i.e., ultraviolet (UV), atomic oxygen (AO), and 
charged part.cles) influences the selection of thermal control coatings and materials. The 
insta i lty of materials resulting from exposure to the space environment can cause failure of 
operating systems. Therefore, space systems must be designed to operate within specified 
temperature limits and space environments over the lifetime of the mission. 

‘This paper is declared a work of (he U.S. Government and is not subject to copyright protection in the United States. 
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2. LACQUER COATING DEVELOPMENT 


specular surface 8 without' r to ^ cosh^rsor^toM^ dfficute 86 '^^ ° f 3 h ‘ gh ' y 

surfaces. In the past Iacnner* ho a- , “f 1 ® 8 dlffic ulty, associated with polishing 

-cu„ ,0 ge, the Z xi:: 



problem has been eliminated through a revised coating process that provides for better 
adhesion and uniform specularity. 

To obtain a highly specular surface, the lacquer is first sprayed onto a substrate. The 
lacquer then undergoes a bakeout to harden the coating and remove excess water. At the 
conclusion of the bakeout, the lacquer is ready for the application of a thin film coating. 


It is important to note that the specularity of the lacquer surface can be influenced by the 
cleanliness of the bakeout. If the oven is not clean, particles may imbed into the surface of 
the lacquer during the bakeout and create a rough surface finish. A smooth surface finish is 
required for a highly specular surface. 

It is also important to remove excess water from the surface of the lacquer. If excess water 
remains in the lacquer, during thin film application, the water can rise to the surface and form 
a barrier between the lacquer and thin film. If this occurs, the water may affect the coating’s 
uniformity and adherence to the lacquer. 

This lacquer coating process was recently used to prepare aluminum substrates for 
laboratory testing. After the application of the lacquer, the samples were coated with vapor 
deposited aluminum (VDA), vapor deposited gold (VDG), and silver composite coating (Ag 
Composite). The Ag composite coating formulation selected for laboratory testing was 
AI 2 0 3 (500A)/Ag (1000A)/A1 2 0 3 (15000A)/Si0 2 (5100A) [1]. The A1 2 0 3 (500A) layer 
served as an adhesion layer for Ag and was applied to the aluminum substrate prior to the 
deposition of the Ag. These samples were then tested to evaluate their properties. 


3. TESTS AND RESULTS 


3.1 Specularity Bi-directional reflectance distribution function (BRDF) is used to 
describe the reflectance light patterns of a given surface. The sample’s reflective light 
distribution is measured as a function of wavelength, power, angle of incidence, absorptance, 
transmittance, surface finish, surface uniformity, index of refraction, and contamination [2]. 
BRDF is used to measure the specularity, uniformity and cleanliness of the surface. The 
approach is to illuminate the sample with a single beam of light at a known angle of incidence 
and measure the light reflected over a wide range of reflection angles. Highly specular 
surfaces reflect light predominately in one direction, whereas diffuse samples reflect light in 
all directions. 

An aluminum honeycomb substrate was coated with VDA over lacquer. A BRDF 
measurement was made of the sample to determine the specularity of the surface. Chart 1 
shows that at 3° scattering angle and above, the VD A/lacquer coating diffuse light portion is 
.17% or less [3]. From the diffuse measurement, the specular portion is calculated to equal 
99.83%. The unscattered beam measurements are provided to confirm that the VDA/lacquer 
sample results are not due to instrument noise or to the shape of the beam. The Lambertian 
measurements represent a classic diffuse surface scattering profile. 



Chart I: BRDF Power Distribution |3| 
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3.2 T^hcnnsl Radiative Properties Samples were tested to determine their thermal 
radtative properties. A comparison between the reflectance and thermal radiative properties 
of anon-polished bare aluminum substrate and a glass substrate was also conducted. Glass 
substrates provide a good finish for obtaining highly specular surfaces with the application 
of metallic thin films. The non-polished bare aluminum substrate was coated with lacquer 

and then coated with a thin film of metal. The glass substrate was coated directly with the 
thin film of metal. 

The AZ Technology's LPSR-200 instrument was used to perform the reflectance 
measurements and solar absorptance calculations. The solar absorptance is calculated in 
accordance with ASTM E903-82. The LPSR-200 measures the reflectance of the sample's 
surface at a 15° angle of incidence over the spectrum range from .25 to 2.5 microns. The 
instrument measurement accuracy is + .02 for a s values. 

The Gier-Dtinkle DB-100 is used to measure the normal emittance value of surfaces. This 
measurement is made at room temperature over the spectrum range of 5 to 40 microns. A 
newly coated vapor deposited aluminum mirror is used as a reference for the normal 
emittance measurements. The DB-100 is set to a normal emittance value of 0.020 using the 
VDA reference mirror. The sample is then measured after the instrument’s calibration 
process. The instrument measurement accuracy is ± .02 with an instrument reproducibility 
of ± .001 for £„ values. Table 1 contains the measured thermal radiative properties. 



Table I; Thermal Radiative Test Results 


Sample Description 


_L_ _VDA over Lacquer on Aluminum Substrat e 09 CP. 

_2^ VDA over Lacquer on Aluminum Honeycomb Substrate ^9 ^ 

_yDG over Lacquer on Aluminum Substrate Jg — 

±_ 1 Ag Composite Coating over Lacquer on Aluminum Substrate [ .07 ^T~ 

Chart 2 shows the reflectance curves of a VDA over Lacquer on aluminum compared to a 
VDA on glass. The thermal radiative properties of both VDA samples are the same and 
stgntficant difference in their reflectance curves. The aluminum substrate used for 
the VDA/lacquer sample has a non-polished bare aluminum finish. 

Chart 2: VDA over lacquer on a non-polished substrate and VDA on a glass substrate 


8 0.7 
J 0.6 
j» 0.5 



-VDA over Lacquer (Al substrate) a = 09 e = .02 
• VDA Mirror (glass substrate) a = .09 e = .02 


200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 

Wavelength (nm) 


Chart 3 contains the reflectance measurements and thermal radiative properties of VDG over 
lacquer on an aluminum substrate and VDG on a glass substrate. There are no significant 
differences between the reflectance curves of the two samples. The thermal radiative 
properties of the samples are similar. 


Chart 3: VDG over lacquer on a non-polished substrate and VDG on a glass substrate 





Chart 4 shows the same thermal radiative properties and reflectance measurements for the 

Ag compos, te coating samples. The lacquer coating provided the Ag composite coating with 
a finish that is comparable to a glass finish. 


Chart 4: Ag Composite/Lacquer on a non-polished substrate and Ag Composite on a glass substrate 



?TXTo dheS1 ° n 7116 VDA 0V6r laCqUer ° n aIuminum sam P le was dipped in liquid nitrogen 
( N2) to test the coating’s adhesion. This process was used to test the adhesion by 

exposing the sample to a rapid temperature change. The sample was emerged in LN2 until 
the sample temperature stabilized. Once the LN2 stopped bubbling, the sample was 
perceived to have reached temperature equilibrium. From this point, the sample remained in 
the LN2 for five minutes and then was removed from the LN2. Upon visual observation of 
the sample, there was no flaking or peeling of the VDA from the lacquer. There was no 

visible flaking or peeling of the lacquer from the substrate. The VDA adhered well to the 
lacquer. 

3.4 Atomic Oxygen The asher test is designed for exposing samples to atomic oxygen 
(AO) in the form of a plasma. The etcher used for the asher test is a PlasmaPrepX, parallel 
plate plasma etcher. The etcher generates a plasma in which oxygen is pumped. Given a 
specified energy level and fluence, the asher can simulate AO in lower earth orbit (LEO). 

Two lacquer samples, a VDA over lacquer and an Ag Composite Coating over lacquer, were 
tested in the asher test. The fluence level used for the test was obtained from the Hubble 
Space Telescope Servicing Mission Two (SM2) data [4J. The samples were exposed for 
approximately three hours. A standard kapton specimen is used as an erosion control for 
the asher test. Based on the erosion of the kapton control, the simulated AO fluence was 
determined to be 1 .3 x 1 0 20 atoms/cm 2 . 

Chart 5 and Chart 6 show the before and after AO exposure results of the two thin 
film/lacquer samples. There was no change in the thermal radiative properties of the two 
samples before and after simulated AO exposure. The reflectance curves of the two samples 
exhibited no significant change. 




Chart 5: VDA over Lacquer AO Exposure Test Results 



Chart 6: Ag Composite Coating over Lacquer AO Exposure Test Results 
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4. DISCUSSION 


4.1 Space Applicafions Lacquers have been applied to aluminum, honeycomb and 
fiberglass composite material substrates and flight structures. Lacquers have been used on 
space missions, such as the Solar and Heliospheric Observatory (SOHO). A lacquer coating 
was applied to search coils and flown on the SOHO mission. The search coils’ substrates 
were fiberglass composite material. The lacquer coating process utilized for the SOHO 
mission has been enhanced to provide better surface adhesion. Lacquers have also coated the 
following spacecraft structures: sunshields, NASA’s Director’s Discretionary Funds (DDF) 
cooler shields, and DDF cooler doors. 




r 2 jT re I tUi l u This .P aper is reportin 8 ,he initial findings of current lacquer testing. 
To fully understand the significance and potential use of lacquets, further testing is required. 

ere are currently plans to have the lacquer coating undergo additional testing. The lacquer 
coating is presently scheduled for standard outgassing testing. The effect of charged 
particles is another area of interest in the evaluation of thin film/lacquer samples. Additional 
atomic oxygen testing, at higher fluence levels, is also planned for the thin film lacquer 
samples. Furthermore, there are plans to coat different substrates of various surface finishes 
wit t e acquer coating. These samples will undergo specularity, thermal radiative 
properties, adhesion, simulated AO, outgassing, and charged particle testing. 


5. CONCLUSIONS 


The current test results of the lacquer coating axe very promising. The lacquer coating has 
demonstrated its potential for being an excellent device for achieving a highly specular 
surface for thin film applications. Although additional testing is needed to completely 
evaluate the full potential of the lacquer coating process, the initial test results have shown 
that the application of a lacquer can provide a highly specular surface for tailoring thin films. 

The benefit of using a lacquer coating is the flexibility of being able to coat rough surfaces 
that cannot be polished, as well as smooth surfaces. A lacquer coating provides a suitable 
specular surface for thin film applications, as long as cleanliness is maintained during bakeout 
and excess water is eliminated from the lacquer. The lacquer coatings have been utilized in 
the past. However, lacquers have the potential to be used more widely in space applications 
with enhancements in the lacquer coating process of better adhesion and higher surface 
specularity. Lacquers may also provide a more cost efficient means of obtaining a highly 
specular surface for thin film applications on various surface finishes. 


6. ACKNOWLEDGEMENTS 


The authors would like to thank Jack Triolo of Swales Aerospace, Nancy Carosso of Swales 
Aerospace, and Lon Kauder of NASA-Goddard Space Flight Center for their technical 
expertise and assistance. The authors would also like to thank Robert Gorman of Swales 
Aerospace and Jackie Townsend of NASA-Goddard Space Flight Center for providing 
technical data and testing support for this paper. ' 


7. REFERENCES 


I. 


J. Triolo, N. Ackerman, D. Neuberger, and G. Harris. International 
Materials in Spare F.nvimnmpnt J, (1997). 


Symposium for 



2 . 

3. 

4. 


York 3Pd An q lysl2 , McGraw-Hill, Inc., New 

Gorman, “Reflectance Measurements on Reflective Honeycomb Panel,” September 


P. Hansen, J. Townsend, Y. Yoshikawa, J. Castro, J. Triolo, and W. Peters 
A dvanced Materials and Process E ngin eering Series , 42 , 570-58 1 ( 1 998) 


" Science of 



01-28-1999 15: 47 


301 286 1704 


CODE 545/THERMAL ENGINEERING 


P.02/03 


NASA ST1 PUBLIC DISCLOSURE EXPORT CONTROL CHECKLIST 

DRAFT 


The Export Control Office requests your assistance In assuring that your proposed disclosure of 
NASA scientific and technical Information (STI) complies with the Export Administration 
Regulations (EAR, 15 CFR 730-774) and the International Trafflo In Arms Regulations (ITAR, 22 
CFR 120-130). The NASA Export Control Program requires that every domestic and International 
presentatlon/publloatlon of GSFC STI be reviewed through the GSFC Export Control Office In 
accordance with the NASA Form 1676 NASA Scientific and Technical Dooument Availability 
Authorization (OAA) process. Release of NASA Information Into a public forum may provide 
countries with Interests adverse to the United 8tates with access to NASA technology. Failure to 
oomply with the ITAR regulations and/or the Commeroe Department regulations may subject you 
to fines of up to $1 million and/or up to ten years Imprisonment per violation. Completion of this 
checklist should minimize delays In approving most requests for preeentatlon/publlcatlon of NA8A 
STI. 

Generally, the export of Information pertaining to the design, development, production, 
manufacture, assembly, operation, repair, testing, maintenance or modification of defense articles, 
I.9., space flight hardware, ground tracking systems, launch vehicles to Include sounding rockets 
and meteorological rockets, radiation hardened hardware and associated hardware and engineering 
units for these Items are controlled by the State Department under the ITAR. The export of 
Information with respect to ground-based sensors, detectors, high-speed computers, and national 
security and missile technology Items are controlled by the U.8. Commerce Department under the 
EAR. If the Information Intended for release falls within the above categories but otherwise fits 
Into one or more of the following exemptions, the Information may be released. 

EXIMFnON I 

If vour Information is already In the public domain In It's entirety through a non-NASA medium 
and/or through NA8A release previously approved by the Export Control Office, the Information la 
exempt from further review. If the Information falls Into this category, you may attest that you 
are using this exemption by signing below. 


Signature 


Date 


EXEMPTION II 

If vour Information pertains exclusively to the release of scientific dste, 1.9. data pertaining to 
atudlee of clouds, soil, vegetation, oceans, and planets, without the disclosure of Informstlon 
pertaining to articles controlled by the ITAR or EAR, such as flight Instruments, high-speed 
computers, or launch vehicles, the Information la exempt from further review. If the Information 
falls Into this category, you may attest that you are using this exemption by signing below. 




Signature 


Date 



01-28-1999 15:48 


301 28G 1704 


CODE 545/THERMAL ENGINEERING 


P.03/03 


EXEMPTION III 

H VOUf I nform ati o n fall* Into the areas of concern ae referenced above, but Is offered at a general 
purpose or high level, poster brief* and overviews, where no speolflo Information pertaining to 
rTAR or EAR controlled Item* I* offered, the Information Is exempt from further review. If the 
Information falls Into this category, you may attest that you are using this exemption by signing 
below. 


Signature 


Date 


EXEMPTION IV 

li VQUT Information falls within exemption ias.4fhU131 of the ITAR. the Information may he 
rolfluad , NASA , aa an flflflncv of the .Federal Government, mav use thl. ex emption to approve thp 
alim at ITAB. controlled Information Into the mihiin domain The GSFC Export Control Offloe will 
not utilize this exemption until we receive assurances from your technical activity that such 
release Is a responsible action. Two criteria have been established both of which muet be 
satisfied In order to disclose the Information pursuant to this exemption. They are: 1) The 
Information does not offer design Know-how, design methodology, or design processes of an 
Identified ITAR controlled Item, and 2) The Information Is not released In sufficient detail to allow a 
potential adversary to exploit or defeat controlled U.8. technology. If you meet both of these 
criteria, The QSFC Export Control Office will give favorable consideration to approving your 
presentatlon/publlcatlon request under this special exemption. If the Information falls Into this 
category, you may attest that you are using thl* exemption by signing below. 

U)jXL^£QIaa. 

Signature Date * 


If you do not satisfy the above exemptions, please contact the QSFC Export Control Offloe for 
further clarification on the releasablllty of your Information under the ITAR or EAR. 


1/27/1999 



COPYRIGHT AND CLEARANCE RELEASE FORM 


NOTE: IF THIS FORM IS NOT PROPERTY COMPLETED, SAMPE« CANNOT ACCEPT AND PRINT YOUR PAPER. 

YOU WILL B E DISAPPOINTED SINCE YOU WILL NOT BE ABLE TO PRESENT YOUR PAPER. 


This paper is to be presented: 


[V^As an open paper 

Q Asa closed paper as implemented by DoD Directive 5230,25, Section 1217, 


Title of paper: . 


AUTHOR MUST SELECT AND COMPLETE COPYRIGHT FORM A, B OR C AS SHOWN AT BOTTOM OF PAGE. 

~Tm d jni-H - LAcXyoefl- (lofr.~u<><aS> FpR- Sfhcfe. AfFucatio^ 


Name_ 


UiA^OAc C. 


Company^. SvWA\JE.S AgJx>SfAC£ 


Company Address.. 


Company Phone No . Bfll-m.- 5W7 

£hs& Mill ’heg.TO/iuLE Mf> %W105_ 


Signature. 


\_QlO C_ 


.Date 


Does your paper require further clearance? No_ 


. Yes yes, see immediately below) 




31 


Authors reporting on U.S, Government sponsored work, process through the appropriate agency: 

r, DoD. etc.) CiPDfrM-b TiaGHT 


Name of the clearing authority (A.F., Navy, Army, 

Name of the clearing official 

Clearance Granted 


.Case No.. 
Date 


Select Only One 

ji Copyright Release Form A: I assign copyright of my paper to SAMPE giving them all rights to it except that I and the organization by which 1 was employed at 
the time I wrote the manuscript have the right of further understanding that the author and his organization have the right to reproduce it for their own purposes, 
provided the reproductions are not for sale. 


Signature of Author or Other Copyright Proprietor 


Date 


Copyright Release Form B: I hereby license SAMPE to publish this paper and to use it for all of SAMPE’s current and future publication uses. (If Form B Release 

• is used, the author should insert at the bottom of the first page of the manuscript “Copyright 19 by . Published by Society for the Advancement of Material 

and Process Engineering with permission”.) 


Signature of Author or Other Copyright Proprietor 


Date 



Copyright Release Form C: This paper is a work of the U.S. Government and is not subject to copyright protection in the United States. (If Form C Release is 
used, the author should insert at the bottom of the first page of the manuscript “This paper is declared a work of the U.S. Government and is not subject to copyright 



Signature of Author or Other Copyright Proprietor Date 44th ISSE 


